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Relevance 

"Faustian bargain"?  

 long-term CO2 geo-storage needed (C-economy + climate change) 

 but, it must be reliable in the long time scales 

 

High early probability of failure 

 new engineering solutions: high initial Pf (emergence phenomena) 

 

Main concerns 

  complex geo-plumbing 

  unanticipated coupled hydro-chemo-thermo-mechanical processes  

  unrecognized emergent phenomena (including positive feedbacks) 

 

Without paralyzing critically needed CCS, make all efforts to  

 anticipate potential challenges  

 develop proper engineering solutions  

  

 

This has been the purpose of this research 



Project Objectives / Goals 

To reach this goal, we will: 

better understanding of fundamental processes and couplings that may 

either hinder or enhance the long-term C-geological storage 

• explore the geomechanical consequences of HCTM on geo-storage of CO2 

• identify emergent phenomena 

• bound the parameter-domain for efficient injection and safe long-term storage 

• fundamental pore and particle-scale experimental studies 

• upscaling numerical simulations 

• macroscale numerical modeling 

Approach combines: 

kick-off meeting  1/2010 
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preliminary analyses 
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water + CO2 



CO2 Dissolution and H2O Acidification 

10 mm 



CO2 Solubility in Water 
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Surface Tension and Contact Angle 

Hold Test in Liquid CO2:  Water diffusion



0

20

40

60

80

100

0 5 10 15 20
Pressure [MPa]

In
te

rf
a
c
ia

l 
T

e
n
s
io

n
 

 [
m

N
/m

] H2O - PTFE

H2O - PTFE

Brine - PTFE

Brine - PTFE

H2O - oil-wet quartz

H2O - oil-wet quartz

H2O - oil-wet quartz

Fitted data (a)

Exp. data points (b)

Exp. data points (c)

Exp. data points (d)

22

25

CO2 saturation pressure

at 298°Kat 295°K

Gaseous 

CO2

Liquid CO2

a (Massoudi and King, 1974),  
b (Chun and Wilkinson, 1995), 
c (Kvamme et al., 2007),  
d (Sutjiadi-Sia et al., 2007) 

Surface Tension 



0

20

40

60

80

100

120

140

160

0 5 10 15 20

Pressure [MPa]

C
o

n
ta

c
t 
A

n
g

le
 

 [
°]

4/18/2008 CO2-H2O-PTFE 5/12/2008 CO2-SalineH2O-PTFE
7/7/2008 CO2-H2O-OilCtSiO2 7/10/2008 CO2-H2O-OilCtSiO2
Series1 Series2
4/2/2008 CO2-H2O-PTFE 09/10/2008 CO2-H2O-PTFE
09/16/2008 CO2-Saline H2O-PTFE 10/29/2008 CO2-oil.coat.SiO2-H2O
09/11/2008 CO2-CaCO3-H2O 09/09/2008 CO2-SiO2-H2O
5/7/2008 CO2-SalineH2O-CaCO3 09/15/2008 CO2-SiO2-SalineH2O
Series15 Series16

Calcite

Quartz

CO2 saturation pressure

at 298°Kat 295°K

Gaseous 

CO2

Liquid CO2

CO2-wet 

substrates

H2O-wet 

substrates

PTFE

Oil-wet 

quartz
CO2 

H2O 

Oil-wet SiO2 

CO2 

H2O + NaCl 

CaCO3 

CO2 

PTFE 

H2O + NaCl 

Contact Angle 



Invasion = Viscosity + Capillarity 
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Surfactant 
 Surfonic POA-25R2 

Q. Zhao 

CO2 

water+surfactant water 

3.2 mm 

CO2 

0

20

40

60

80

100

0 2 4 6 8 10 12

In
te

rf
a
c
ia

l 
te

n
s
io

n
 [
m

N
/m

]

Pressure [MPa]

CO2-water

CO2-brine

CO2-water-surfactant

at 295 K
Gaseous CO2

at 298 K
Liquid CO2

CO2 L-V boundary



Engineered Injection 
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Bending Failure in Caprock 
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Mineral Dissolution - Implications 
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Emergent: Shear Localization 
(b) Displacement vectors(a) Contact force chains
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Network Simulation: Non-Reactive 



Network Simulation: Storage Reservoir 
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Mean Pore Diameter and Flow Rate 
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Reactive Fluid Transport 
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(water, CO2) + clay minerals 



Fabric map 
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Clay-CO2 interaction 
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Clay-CO2 interaction 
                       (a) Kaolinite                   (b) Montmorillonite 
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Breakthrough – Healing (self-healing?) 
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Caprock: Chattanooga Shale 
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Initial breakthrough test 
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Hydrates 
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Gas replacement in hydrates 
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Summary: HCTM phenomena 

Complex HTCM material properties and couplings  

 

Potential development of positive feedback mechanisms 

 

Caution: poor understanding of some "common" processes 

 

New emergent phenomena in CO2 geologic storage 

 

Engineered  injection 

 

Sealing strategies (promote self-healing conditions) 
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